Cortical circuits can undergo experience-dependent remodeling, while retaining the capacity for long-term information storage. The stability of individual synaptic connections is fundamental to both processes, but poorly understood; two studies using new in vivo imaging techniques have finally shed some light on this important issue. 
rearrangements of topographic maps, although the adult brain must retain some capacity to reorganize its functional connections in response to experience and injury. There are several possible levels at which such modifications could occur. Models of use-dependent potentiation and depression -LTP and LTD -assume synaptic transmission is plastic while patterns of connectivity are unaltered [6] . There are also reports of rearrangements at the level of axonal and dendritic arbors in visual and somatosensory cortices following major alterations in peripheral sensory inputs [7, 8] . A third possibility is that dendritic spines might mediate experience-dependent remodeling of neuronal circuits by forming or eliminating synaptic connections, without large-scale rearrangements of dendritic or axonal arbors. In support of this, whisker stimulation in adult mice has been shown to increase total spine density in the corresponding cortical barrel [9] . Furthermore, LTP induction in slice preparations causes new spines to emerge [10] , and leads to an increase in the proportion of axon terminals contacting two or more spines [11] . Importantly, these studies of remodeling and spine plasticity have all been limited by inference from fixed tissues or in vitro models, and yield only limited information about the stability of cortical connections or dendritic spines in the intact, mature brain.
Spine Instability in the Mature Barrel Cortex
To examine the degree of spine plasticity in young adult mice beyond the critical period for somatosensory map development [ Figure 2A ). Of the stable spines, 15% had disappeared 20-24 days later, indicating that even relatively stable spines turnover. These experiments also revealed that, despite a high rate of spine turnover, spine density was stable. Changes in dendritic structure were limited to spines, as no changes were observed at the level of dendritic branching.
But not all synapses are on spines, and not all spines bear synapses, so it is important to assess whether spine turnover represents rearrangements of synaptic connections. This led Trachtenberg et al. [2] to take on the considerable challenge of using serial section electron microscopy (SSEM) to reconstruct two dendritic regions that had been imaged for 8 consecutive days. SSEM reconstruction of four spines that appeared between the last two days of imaging showed that two of them bore synapses, leading the authors to conclude that at least some new spines in the adult brain form synapses. They also report indirect evidence that spine disappearance results in disappearance of the synapse.
Trachtenberg et al. Filopodia and spines on apical dendrites in layer 1 and 2 were visualized at high resolution through the thinned area of skull using two-photon microscopy ( Figure 1) . In relatively immature, one month old mice, two populations of dendritic protrusions were observed: highly dynamic filopodia, which were long, thin and lacked spine heads, 90% of which were seen to appear, disappear, extend or retract over a four hour period; and spines, only 1% of which extended or retracted over the same interval ( Figure 2B ). In contrast to filopodia, 94% of spines were stable over three days, 81% stable over 2 weeks, and 73% stable over one month.
Imaging of adult mice over intervals ranging from hours to months revealed an almost complete absence of filopodia ( Figure 2B ). Imaging over a range of longer time periods also revealed remarkable spine stability, with 99% remaining stable over 3 days, and 96.5% remaining stable over a month [3] . Despite spine number and density remaining constant, morphing of spine shape was observed, suggesting that this may provide a way of modulating synaptic efficacy. This high level of spine stability contrasts sharply with that seen by Trachtenberg et al. [2] in the barrel cortex. The long-term stability of spines in the visual cortex suggests that synapses can be maintained over long periods, and could provide a structural basis for long-term information storage. The different degrees of spine plasticity thus seem to represent real differences in the level of spine plasticity between the visual and somatosensory cortex. The high rate of turnover seen in the somatosensory cortex implies a continual sampling of presynaptic inputs whose number is limited by stability at the level of dendritic branches. The stability of dendritic spines in visual cortex suggests that any plasticity is at the level of synaptic function, and that connectivity does not alter significantly in the adult, while barrel cortex can take advantage of new synaptic partners by spine turnover. These differences in adult cortical plasticity may be determined by different developmental processes that determine the number of actual connections made from a pool of potential presynaptic partners. This 'filling fraction' [14] could limit the degree and mechanisms of plasticity in the mature brain -if a dendrite has already contacted all possible pre-synaptic partners in the vicinity, there is nothing to be gained by searching for further connections.
A Place for Plasticity and Stability
On the other hand, sustained plasticity in the barrel cortex may be required because of external influences on whiskers, such as whisker trimming, or 'barbering' by conspecifics [15] , while sensory input into visual cortex would be inherently more stable. In accordance with this, a simple whisker-trimming protocol can alter receptive fields in adult barrel cortex [16] , whereas an analogous monocular deprivation protocol does not affect ocular dominance in the adult visual cortex [5] , suggesting a greater degree of plasticity in mature somatosensory cortex. 
